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the paper is concerned with a qualitative description of the model, 
mathematical description of the model is contained in an appendix, (hw) 
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A STUPr BEl^^JEEN 

EDUOA gion , iwmmR .; ux[d ECONOfir 



■by- 



Paul Mo LeVa^Jseur 



I . BACKGiuOUND , 



In a papar en-blblGd Quc^^u-b i- bab i- y-G Ana lysis in Ed'^c_^biQjna^ 
k: Some Europe.aii Experiences presented to this Synposiiua 



1 . 

Planning: Some Europe.aii Exper ienci__.. 
by Mr, Gare-bli L "WiiriiS-^ of the O.E.O.D., current work xn the 

of national planning models in several O.E.o.D. 

de scribed r, ag part of its programne for 



IS 



construction 

Menber countries — 

Systeiis Analysis in Educational Plcjining , tne 0 .E oO .P . uc*.s 
obtained considerable information pertaining to ^ these model- ^ 
building efforts. As one of the O.E.O.D.'s -braining activitieo, ^ 
it was decided to synthesize a nui'iber of available nodel-build.i„j, 
techniques for presentation at a draining Seminar on Qusmti-ba- 
tive Techniques in Educational Planning « This Seminar, entitled 
Global Accounts for Manpower cud Education (G.A.M.E.;, was neia 
in Dublin, Ireland during the period 4 th- 20 th September , 196/“ 

It was attended by 26 participants from 11 0 E.C.D. Member 
countries. The Seminar sought to actively engage participants 
in three naoor areas of model-building r The first area was the 
collection and analysis of data. The second area ^ 

actual model construction. The last area consisted of the ^ use 
of the model by participants in a simulated planning exercise. 

The G.A.M.E. Educational Planning Model which was ^ constructed 
by the 0 E O.D. for use in this Training Seminar is the topic 

of this paper- 

II OBJECTIVES IN THE OHO IOE,OZ.„lM...j^iQSg£^ 

2. The G.A.M.E. Model was chosen with a number of specific 

ohjectives in uind, The first objective was that xt ^ 

Klobal nature. The terxi global, as used here, '^E'.s^a^dual me^xD.g- 
fSe Tirst meaning pertains to the lovel of aggregation of^the 
systems under consideration- global we mean that the "^7" 

will be viewed at the national level. In this sense, the model 
is a national plcjining model, and for this reason excludes ^ 
her of regional aspects which might also be of interest to some 
countries. Because our participants came from coimtries in which 
a wide variety of different problems arise on the local level, i-n 
was decided to construct a model which was representative of 
problems faced by all countries at a national level. 
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5. The oecond meaning of the ^ word global pertains to the 

nature of the systems which are incorporated into the model. 

Rather than being confined to the consideration of the educatxona^ 
system alone, the model extends bej'oiid the educational^ system to 
include the manpower and economic systems 0 The resulting model , 
therefore, is one v/hich can be used for the planning of education, 
man.power and the economy at the national level 0 

4o A second objective was that participants be introduced to 

struc tural models., By structural, we mean that the^model must 
quantify certain structural relationships among various factors 
ivhich describe the state of the thx*ee systems. 

Another objective vjhich wa.s thought to be of primary impor- 
tance was that the model chosen could be used in a manner which ^ ^ 
c 1 0 G e ly approx i mates the way in which planning is actuaT^ y c_arj?i^^ 
out "in practice. Ror this reason, the model consists of three 
inter-locking sub-models. Because planning^for education, manpower 
and the economy is usually carried out by different planing 
groups, the model permits decisions made independently in these 
three planning spheres to be simultaneously analysed and comparecu 
Participants were, in fact, broken into three groups, each of 
v/hich was responsible for the planning of education, majnpower, 
or the economy. Initially, each group worked in^ isolation with 
its own sub-iEodelo The complete G.A.M.Eo Model is designed to 
uniformly analyse the decisions taken by each of the groups, 
and to trace the effects of planning decisions made for one system 
upon the other systems, 

60 One of the important features thought essential for the 

model vjas that it address itself to problems of c 0 ns i s t ency; in 
planning. Since there is no guarantee that plans for the educauiOi. 
manpower and economic systems will necessarily 'be consistent, the 
model is constructed in a manner w'hich malces it possible ^to test 
the consistency of plans for these three systems. In this way, 
certain dysfunctionalities vjhich occur as a result of isolated 
planning decisions can be identified, 

7, In cases in which inconsistoncics are discovered, it is 
necessary that the model be iterative, in the sense that one can 
re-r\m the model after certaTn’^^Q/B’eraiative planning decisions are 
considered. The G.A M E. Model, therefore, is an iterative model 
Although there are no major conceptual difficulties in incorpor- 
ating iterative procedures into the computer programme which 
solves the model, this was not done for the Training Seminar, ^ 
Rather, a mon-machine interaction took place v/hioh allowed parui'- 
cipants to see each step in the iterative process for arriving 

at a consistent and balanced solution, 

8, In summary, it was decided that the model to be constructed 
vjould be a no,tional planning model which simultaneously considers 
the education, manpower and economic systems, ^Designed to 
quantify certain structural relationships v/ithin and among these 
systems, the model can be used in a manner which closely approxi- 
mates the way in which planning is carried out in practice. The 
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iflodel is dosisned to analyse P^,,^“f„s|°nctionai^ 

- TiSo^Sf 

at mutually consistent and balanced plans. 

Ill, THE G A.M.E. KDUOATIOUAI- PLAJMIItG .MQD KI: . . ~ ^ 

-n-RSfl-RIPTION . 

9. The model considered in this paper Provides ^ 

feficoloS! o;rer1o°fescfihe®SrSodS it is necessary to 

pOTtray the nature of the systems ^der 

inter-aotions which occur “^ioiTjants^ the 

means for descrihing the model se^ral ways. 

G. A. M.E.. Seminar were able to vxew description of 

Initially, they were introduced to a ? computer 

the model.. Later, they were exposed .^° „o°pXet^ mathe- 

Slcfr^escfiStion'^of the ?°del was developed ^d^ 

For purposes of this Symposium, the body of h P ^ , niathe- 

oerneHith the qualitative description of the model, the mathe 

uatical description being included in an appendix. 

10. A qualitative viewpoint has been 

tn -f-hnq -DA^er because it is an extremely helpful way oi looxins 

at varieSf^LnoStSa Which underly the %. 

systems being modelled. In order to present a . 

;Srof the G.A.M.E. Model, it is °P^Ahf S 

SS5“SiJS’lSLS.*“if Th.“oaplt«. 

writing out systems of equations describing theoerelaton^^ 
estimating certain parameters and using ®- 

equations. Eor the G.A.M^E. Model, ^^^® ^Thf flow diagram 

resentine the system relationships will be shown, in emrip 

tofbeeS^ntlntionally simplified, and for this reason ®°“® 

of Professor Forrester's symbols are used, and in some o . 

slightly modified. The flow t-;f' 

PigMe 1 on the following page, and is described below. 

A,. 'Ihe Systems Under Qo nGiderationo, 

11. The model considers three separate ““ IndAsto 

Educational System, the Manpower System, into^the ^ 

System. Each of these systems is follows: 

elements which make up the system. These elements are as xu 
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I) The Educational Systen is broken down into distinct , 
■branches of education, which are further divxded into 
grades of study within the branch. In.. some oases, it u 
also desirable to distinouish between fields of study 
within a branch; 

2') The Manpower System is broken down into occupations and 
^ XcatiLal qullifications required for these occupations 



3)' The Inter- Industry System is broken down into 
of distinctly defined industries which produce 
and services required in the economy. 



a number 
the goods 



B. The ’^Levels" w ithin t he Systems., 

12o At any point in time, each system, is operating at certain 
"Levels”. These levels are defined as follows; 



1 ) 

2 ) 



The level of the Educational Systen is defined 'bo 

the number of students enrolled in each branch and grade 

of education; 



The level of the Manpower System is defined to be the 
number of individuals employed in each occupation; 



3) The level of the Inter-Iiidustry System is defined to 
be the level of production of each industry. 



C. Hows Within and iimqna^Sysjbej^ 

13 0 There are tv/o kinds of flows which take place within and 

among the three systems defined. These are; 

1) Flows of Goods and Services; 



2) Flows of Humans 

14. Flows within each system can ooora. The Inter-Education 

flow of humans represents the progress of ®budents from one 
branch and grade of education to another. froj. 

Shifts flow of humans represents the changes 

one occupation to another. The Inter™ Industry flow of goods eux 
services represents the flows between industries of goods end 
services used for intermediate and capital purposes. 

15 , Flows between two systems also oocw. 
tL Educational System to the Manpower 

tnnnq to the labour force. Huizians also flow from the Manpower 
System to the Educational Systen to provide bUe teachers ^d 
other nanpov/er requirements for education. Hmano flow fr 
thfLnpower Systim to the Inter-Industry System to 
1 nboiir reouired for production purposes. Goods ^nd bcrvices 
flow from the Inter- Industry Systen to the Educational Systeia 
to provide the current and capital requirements for education. 
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16c In addition, there is a flow of hmians from the Manpower 

System to the Inactive Population, duo to retirement , inay ail- • 
ability, etc. Ihe box labeled "Not in Labour Porce” in Figure 1 
therefore has its ov/n level at any point in tiiiOo 

Dn Sources and Sinks o 

17 . In addition to floxvs within and among the systems, there 
are flows into systems from sources and flows out of systems 
into sinks. Such flows are considered to be determined in a 
manner which is exogenous to the model « These flows, of course, 
have a direct effect upon the system levels. The sources and 
sinks appearing in Figure 1 are described below. 

18. The sources providing flows of humans into the Educational 
System include new entrants into educa.tion due to children 
reaching school age (ioe. births), persons re-entering school 
from the labour force, children of immigrants, etc. There is 
also a flow from tbe Educational System into a sink which would 
represent emigrations to other countries upon completing 
studies, individuals not entering the active labour force, e’tCo 
These people would be unavailable for employment within the country. 

19 > The source providing a flow of humans into the Manpower 

System would consist primarily of net iriinigration of persons 
who may or nay not enter into the active labour force, 
flow of humans from the Manpovjer System to its associated sink 
represents unemployed individuals seeking employment, frictional 
unemployment, etc. An additional sink is included to represent 
deaths in the population. 

20 o A source providing goods and services to the Inter- Industry 

System would consist primarily of imports. All goods and services 
delivered to the rest of final demand, (i.e. final demand excluding 
education and capital investment by industry) are considered as 
flowing into a sink. 

E. Relating Flows and Levels . 

21. For each of the flows within and among the systems, 'bbere 
is a direct relationship between these flows and the levels of 
the systems themselves. As enrolments incijase, for example, a 
greater number of individuals and a greater amount of goods and 
services is required to maintain the system. Similarly , as 
production levels change, the manpower requirements, as 
requirements for capital and intermediate goods change. At any 
point in time, therefore, there is a direct relationship between 
the levels of each system and the flows within ^d among the 
systems. Figure 1, therefore, describes these inter-relation- ^ 
ships. Empirical measurements are required in order to determine 
the actual values associated with the levels and the flows. 
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22 Anotix-er aspect not yet discussed pertains to the rate of 

flow of humans as well as goods and services » This rate of flovj 
"can^itself change over time <, It often results ^ from specie. ic 
decisions or from technological factors o Consider the 
wherein a decision was made to increase the teacher/ student 
ratio throughout the Educational SysteiUo In this case, even 
though the level of enrolments is the sane, the number of teachers 
required from the Mrnpower System is greater and the flow of 
huncons from the Manpower Systom to the Educational System changes 
This is an example of a change in the rate of flow from the Man- 
power System to the Educ 0 .tional System, and we could therefore 
iisaKine a "valve" iMhioli regulates this flow heing tinned so as 
to increase the flow. Such "valves" i.re represented xn Fxgure 1 
by the syrabol (decision fun'^tions) rnd regulated as a result 

of flovjs of information. These flows of information emanate 
from the systems themselves <. This is to say that information 
pertaining to the systems themselves must be taken into account 
in order to determine the rates o f flow which apply to each flow 
of humans as well as each type of go*oSs and services. Such in- 
formation can be obtained by measuring the performance of the ^ 
system, or by considering specific decisions which are made withm- 
the system. The example was given above of a decision^to moaiiy 
the toacher/student ratio in the educational system would 

effect the' rate of flow of huDiaiUs from the Manpower ^System to 
the Educa.tional System, Similarly, measurements which %^hat 

university drop-outs are decrea.sing in the educational system 
v/ould indicate that the rate of flow of university graduates to uxio 
Manpower System is increasing, 

E. Dynamic Aspects of the Model., 



dLy o 



The qualita.tive flow 



diagram of the G-.A.M.E. Model 
the systems in terms of 

of 



These fiovjs 



course , 
of the 
It is 
as being 
The G,A.M 
of a 



,E. 



describes inter-relationship 

flows of humans, goods and information ^ 

take place continuously over tdme^. The dynamic aspects 
model have not been incorporated into the flow diagram 
helpful, however, to thiiilc of 0.11 the flows represented 
net flows vjithin the limits of a certain time period 
Model considers flows which take place during each year 
plan period 

I V 0 TBE MilTEEMATICA h M ODEL 

24, Every directed line representing flows of goods and ser- 

vic 6 S or of hunans app oaring in i/ho flow diagran caii bo inter*-- 
i:)rGted a.s a set of equations ax^plying to some year in the plan^^ 
period. The equations consist of dependent and independent v<^a.- 
iables as well as a set of parameters which appear as coefficients 
of the variables. The ’’valves” in the flow diagr^ can 'be 
interpreted as the coefficients. It is thus possible to use the 
qualitative description as on aid in forixulating the mathematical 
description of the model c The complete description of the var- 
iables, parameters and equs-tions of the G A.M.E. Model is given 
in Appendix 1, The remarks made here are confined to more general 
considerations of the mathematical formulation. 
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25c It has already been mentioned that the three systems 

sho'wn in the flow diagrau' are thenselves sub-divided so as bo 
differentiate betv/een educational branches and grades, ^uali-' 
fications, occupations and industries « It is for this reason 
that the flows in the diagraia become sets of equations , rather 
than single equationSo In the G.A.M.E. Model, 25 educational 
branches and graues, 8 educational qualifications, 20 occupo.tions 
and 25 industries were distinguished r At this level of disag- 
gregation, the model consists of 552 equations and 507 variablOb 
which must be solved for during each year nf the plan period c 
The plan period chosen for the Seminar was 9 years- The coiipleto 
G.A.M.E. Model, therefore, consists of 5?108 equations with ^ 

5,485 variables to be solved for. Each of the three groups, now • 
ever, was able to use its own sub-model of the three systems o 
The sub-models consisted of sub-sets of the entire set of equations 
and in this way the work of the participants was made more man- 
ageable through a division of labour , 



26 o An additional simplification was introduced by solving 
the entire model only for the target year.. ^Although the Educa- 
*bioii Group usod sl sub^-nodol v/liicli was dynaLiic over *bho ©nuir© ^ 
plan period, the other groups focused upon the target year soruv 
of their sub-models . This 7 )rocodure meant that certain simpli- 
fications were made v/hich are not required when using the full 
model, but had the advantage of providing participants with an 
imderstanding of the principles underlying the model without^ ^ 
introducing large amounts of computer data and results pertainin 
to each intermediate year in the plan period « The actual com- 
puter programmes used in the G.A.M.E. Seminar, therefore , wore 
a somewhat simplified version of the complete model described 
in Appendix 1, in v/hich the target year values of all variables 
were solved for and intermediate year variables wore solved for 
the education system only. 



.T o: 



u# 



V. ESaJlMA.tmTO SHE PilLilKETSHS OP C HE HOSEl.. 



27 . In order to estimate the parameters for the G.^i-.M.E.. ^ ^ 
Model, it was necesaary to collect a v/ide range of data pertaining 
to education, manpov/er and the economy. Since the O.E.C.D is 
located in Paris, it was decided that data from Prance would be u3io 
most easily obtainable. Por this reason, the definition of educa- 
tional branches and grades is based upon the Prench educational 
system. The model used in the G.A M.E. Seiainar, however, 
should not be considered to be a valid model of Prance o ^ 

The reason for using actual country data was to assure a certs.ni 
degree of realism in the basic data provided to participants 
and the parameters deduced from these data. It would, of co^se, 
have been x^ossible to use completely fabricated data.. An actual 
model for country use, nevertheless, would require that far 
greater attention be ps.id to reso.lving definitional and aggre— 
gation problems than was with the limited time ^^J-d staf-. 

available for constructing the G.A.M.E. Model. The G.A.M.E. 
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data, therefore, imst he considered to he essentially illus- 
trative. The experience gained in the collection of data lor ^ 
estimating the parameters in the model did prove most encouraging 
in demonstrating the feasibility of constructing an empirical 
model of this kind for actual country use. 

28 In order to estimate the parameters of the model, a 

base year (1962) was decided upon for which various kinds of data 
pertaining to education, manpower and the economy were collected . 
These data were brought together in an integrated accounting 
framework which is described in Appendix 2. The integrated set 
of accounts measures the flows within and between the systems 
during a one-yeair period. The flow accounts are then used to 
derive an integrated set of coefficients for education, manpower 
and the economy. These coefficients provide quantitative struc- 
tural information about the systems. The coefficients are incor- 
porated into the model as parameters , in addition to a ni^ber 
of additional parameters which are estimated independently from 
the accounts. 

29 . Although the mathematical model in Appendix 1 does not 
present the coefficients in the form of time functions, it is 
of course possible to use parameters which have been estimated 
for each year in the plan period. Some of the parameters used 
by the participants in the G.A.M.E. Seminar, for example, 
estimated for the target year on the basis of time series inlor- 
mation or even on the basis of certain planning goals. In o ner 
cases, however, the base year data were felt to provide para- ^ 
meter estimates which vjere applicable over the entire plan perio 

VI. THE ITEBixTIVE PROC EDURE FOR . SOLVIM TIIE NODEL^ 

30 . In Appendix I, the G.A.M.E. Model is expressed as a seb 
of relationships (equ8.tions) between exogenous and endogenous 
variables. In order that plans for education, manpower and the 
economy be consistent, these relationships must all hold in any 
year of the plan. Since exogenous variables represent policy 
variables which are set by the planners themselves, there is no 
guarantee that a consistent solution will be arrived 3-t if pla.ns 
which seek to fix these variables at future points in time 
(targets of the plan) are drawn up in isolation. 

opposite will normally be the case. The purpose of the G A.M.E. 
Model is precisely to analyse educational, manpower and economic 
plans in order to arrive at a consistent and mutually ba.lanced 
solution. 

31 ,, The starting point in using the model is to postulate 

targets for the three systems and compute the implications o 
the targets for any one system upon the other systems. 
procedure inevitably leads to measurable disparities. Jot 
example , an economic plan mtiy require a given number of newly 
trained engineers which the educational system cannot supply. 

On the basis of the nature and magnitude of the disparities 
found to be inherent in the targets originally postulated, these 
targets are revised and the model re-run in an iterative manner 
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until a final consistent and balojiced solution is achieved. In 
theory, it is possible to include nathenatical relationships 
vjhicli revise ■fche vrJ-ues of exogenous voriubles 



on the basis of 



the differences between the values oj. eiiciogenous 



arrived at in each step of the iterative procedure 
way , a 



V0a?iables 

‘Oo In this 

onpret^^rau^oLred^iie^arivrn^dli'couid he constructed. 

32o The G.A,M.E. Model does not include a conputeriaed 

iterative procedure in its raathenatical description.. 
the iterations are carried out through nan-nachine in e 
There are a number of reasons for using this „ 

a strictly pedagogical point of view, the man-machine i 
procedure served as an excellent vehicle for demonstrating 
tain planning principles to the G. A. M.E. Seminar participcJi 
There are other reasons, however, for using 
approach o Among the most importriit of these is that this 
approach is closely analogous to the procedure which planno 
actually use for arriving at a final piano In practice , plan 
set forth for different sectors are compared a^^subseguenuiy 
revised in stages when inconsistencies are detected » The aayan- 
tage of using a model is that it can test targets for education, 
manpower and the economy for internal and external consistenc;^ 
within a very comprehensive framework which permits a far grearox 
amount of structural detail to be considered than is possible 
without the aid of a computer o 

33c Another important reason for using the man-machine 

approach is that it permits targets to be revised on the basis Oi. 
an analysis of the previous iteration. In maioy cases 
may be a number of alternative revisions possible which ^ ■‘"*- 
lead to a consistent and balanced solution. This approach 
permits the planners to select among those alternatives ^ 
manner which they consider most consistent witn their own goals 
and preferences, A completely automated approach would yieia 
one final solution on the basis of decision rules which ^^hst 
necessarily be built into .the model in advance of any -concrete 
knowledge about the kinds of inconsistencies which may ultimately, 
be found. It seems unlikely that a solution arrived at in a 
purely automatic fashion, not permitting the planners to 
analyse and discuss the incompatabilities , would be acceptable 
to the planners themselves. In addition, for piu?ely technical 
reasons, automated iterative procedures often prove to a 
very slow means of converging to a solution. In short , the man 
machine iterative procedure is both an efficient and realistic 

node of planning. 

3^, In the G.A.M E. Seminar, participants in^each of the 

three groups used the model in a simulated planning environment. 
The plan vjhich vjas finally arrived at resulted from ^ inter- 
action of the three groups during a sequence of joint meetings ^ 
a.t which the model results were analysed, and targets were revise 
A more detailed description of the G.A M.E. Simulation Exercise 
is given in Appendix 3= 
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THE PQCCEN'II.aL QE IHE G.a.M.E. 



MODEL EQR PLAMIITG AHD 



POLICY-I-IAKING. 

55 , It was stated at the outset that the nodcl described in 
this paper was constructed for use at the O.E C.D. -rraining 
Seminar on Quantitative Iechni(][ues in Educational ^Planning. Ihe 
O..E.G.D. plans to publish the content of this Seminar in detail 

in a separate documento Although the G.A M.E. Model was initially 
constructed for didactic purposes, it may be well to consider 
the potential of such a model for plenning and policy-making. 

56. The strength of the model lies in the fact that it in- 
corporates relationships between education, manpower and the 
economy within a single, comprehensive framework. ^ All too often 
educational plans are drawn up without consideration of their ^ 
implications for manpower and the economy . Similarly , economic 
plans are made without sufficient attention being pa^d to the 
investments which must be made in education if the manpower re- 
quired to meet the targets of the plcn ir. to be ava.ilable when 
needed. The model described in this paper nakos explicit cer- 
tain structural relationshixDS between education, manpower and the 
economy .which must be considered if consistent planning at the 
national level is to be achieved. Although it is confined to 

a global, national viewpoint, the span of variables considered 
includes levels of enrolments in different branches of education, 
manpower requirements for education, requirements of goods and 
services for education, the educational qualifications of the 
labour force, manpower requirements for the economy and the 
levels of production in the econom;y . All of these factors are 
of extreme importance for planning at the national level. 

57» The model is policy-oriented, and for this reason would 

be of considerable importance for policy formulation and evalua- 
tion, An example of the kind of national educational policy- 
making to which this model addresses itself can be t^en directly 
from the United States, The National Defense Education Act was 
specifically designed with a view toward increasing the levels of 
enrolment in certain areas of educa.tion. This policy was a direct 
result of certa.in manpov\/er and economic requirements which needed 
to be met. The model described in this paper provides a mechanism 
for continually analysing and up-dating national policy on the 
basis of economic and social goals. The model can be used to 
trace the effects of proposed alternative national educational 
policies upon the manpower and economic systems, and thus pro- 
vide guidelines for the evolution of the educational system. 

58, In designing the nodel, a conscious effort has been made 

to arrive at a ’'generalised" fornula,tion. Since educational 
systems differ from country to country, the model defines educa- 
tional branches, grades and qualifications in a manner which is 
sufficiently flexible to perrait it to be applied to any country. 
The generalised approach enhances its potential for use by a 
large number of countries which might be interested in using a 
planning aid of this kind. The nodel, in this sonso, is not 
confined to any particular educational environment. 
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finally, the experience gained by the O.E.C.Do in con- 
structing the G AoM.E. Model for didactic purposes should be ^ 
reviewed in any discussion of the iiodel's potential for planning 
and policy-making. It has already been mentioned that the dec- 
ision to collect actual country da.ta has dc.monstra.ted the feasi- 
bility of constructing such a model » In fact, the process of 
constructing ,such a laodel provides considerable information 
for establishing data collecting priorities » Crea.ting a sim- 
ulated environment in which the model was actua? 1./ .used offered 
an excellent opportunity to judge the model’s viability as an 
instrument for rational policy formulation o The conclusion 
arrived at is that a model of this kind offers considerable 
potential for the formulation of consistent national plans and 
policy in the areas of education, menpower and the economy . 



40. The O.E.C.D. plans to continue to study the inter- 

relationships between education, manpower and the economy. 

It is planned that the work being carried out in Member countries 
in the area of mathematical models for ediicational planning will 
be further encouraged and synthesized by the O.E.C.D. through 
the establishment of a co-operative programme in this area. 
Ultimately, it is possible that the O.E.C.D. may be able to 
make ava.ilable to its Member countries a mathematical model 
which they can use to assist them in educa.tiona.1 policy evalu- 
ation. Such a model would undoubtedly incorporate many consid- 
erations vjhich are not found in the model described in this 
paper. The G,A.M.E. Educational Planning Model might nonethe- 
less be considered to provide a first step in this direction. 
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MAa?HEMAa?IOAL DESCRIPTION OP a?HE 
G.A.M.E. EDUOAa?IONAL FLAMING MODEL 

SYMBOL DEPINia?IONS 



1. DIMENSIONS 



N - 


Number 


of industries 




M - 


Number 


of occupations 




Q - 


Nmber 


of educational qualifications 




H - 


Number 


of branches of education 




G - 


'Dotal Number of branches and grades of education 




a? - 


Number 


of years in the plan period 




INDICES 






i.d 




Indices referring to an industry (i»d “ • • • 


.N) 


k,k' 


- 


Indices referring to an occupation (k|k* * 1»2| • . 


. ,M) 


q 


- 


Index referring to an educational qualification (q 


* 1|2| 


h 


- 


Index referring to a branch of education (h * 1|2| 


• • t 


g«g* 


- 


Indices referring to a branch and grade of education (g|g 


^h 


- 


Number of grades in branch h of education ■ 

h*l * 


G) 


t 


- 


Year in the plan period (t ■ 1,2, . . .,0?) 




0 


- 


Base year 




COEPPICIEN'DS 







*<‘.3 






« 

kj 



Coefficient of direct and indirect requirements for goods produced by industry i 
per unit of output in industry 

Capital coefficient for industry representing the amount of capital good required 
from industry i per unit of output in industry i • 

Manpower coefficient for industry representing the number of individuals in 
occupation k required per unit of output in industry J • 



- Annual labour force attrition rate for occupation k. 

y 'f - Labour force mobility coefficient representing the proportion of individuals who 

KK move from occupation k to occupation k' in a one-year period. 
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- 


Occupation-educational qualification coefficient representing the 
proportion of individuals with qualification q in occupation k. 


.(0 

% - 


Manpower coefficient for education representing the number of individuals 
in occupation k required per student enrolled in branch h. 


- 

J'J 


Inter-educational transition coefficient representing the proportion 
of students ezirolled in branch and grade g in year t-?^ who are ezirolled 
in branch and grade g' in year t. 


(0 

%»«- 


School-leaver transition coefficient representing the proportion of 
students enrolled in branch and grade g in year t-1 who are in the 
active labour force with educational qualification q in year t. 




Student mortality coefficient representing the annual mortality rate of 
students ezirolled in branch and grade g in year t. 




School-leaver non-participation rate representing the proportion of 
students enrolled in branch and grade g in year t who have left the 
school system in year t+1 but will not be available for the active labour 
force. 


*i,H - 


Input-output coefficient for education representing the requirements for 
non-capital goods from industry 1 per student enrolled in branch h. 







;.i - Capital coefficient for education representing the amount of capital good 

S* required from industry i per student enrolled in branch h. 



4. VARIABLES 




- 


Total production of industry i in year t. 


Xitt) - 


Total final deliveries by industry i in year t. 


y/%) - 


Deliveries by industry i of capital investment goods for industry 
in year t. 


- 


Deliveries by Industry 1 of non-capital goods for education in year t. 


- 


Deliveries by Industry 1 of capital goods for education in year t. 


f%) - 


Deliveries by Industry 1 to all other final demand sectors (l.e. excluding 
industrial Investment and education) in year t. 


- 


Total number of individuals in labour force with occupation k in year t. 


n'V) - 


Number of individuals in occupation k employed by Industry in year t. 


- 


Number of survivors in occupation k' in year t from manpower stock in 
year t-1 (net of new entrants from the educational system). 


- 


Number of individuals in occupation k employed by education in yeax t. 



O 
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Number of individuals in occupation k employed by other final demand 
sectors (i.e. excluding education) in year t. 




Number of new entrants into the labour force from the educational 
system required in year t. 




Number of school leavers with qualification q available for the labour 
force in year t. 




Number of students enrolled in branch h in year t. 




Number of students enrolled in branch and grade g in year t. 




Number of now entrants into grade g* (from outside the educational 
system in year t. 






Change in the value of the inter “educational trsuisition coefficient 
between years t-1 and t. 



(0 






Change in the value of the school-leaver transition coefficient Tq 
between years t-1 and t. U'y 



O 
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EELATIONSHIPS lOE EDUCATION 
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EEILAiDIONSHIPS FOR EDUCATION AND THE ECONOMT (Continued) 
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n -r 

^ ^ t-U 



iJL 



EDUOATION,.. 



I;MPOWEE^, 



AN D THE ECQNOIil 



INTRODUCTION 0 

T1i6 basic classifications x?o b© usBd in conpiling th© 
accounts is first described, followed by a description of the 
accounts themselves » 

I OL^iSSIEICATIONS . 

1 o There sr*e four basic classifications to be used in con- 

piling the accounts u These classifications deal with Indus— 
tries, Occupations, Educational Qualifications, and Branches of 
Education, and are discussed below <. 

Ao Industrial Olassif ications. 

2» Industrial Classifications are used for purposes of dis- 

tinguishing ajiiong various types of industries in the econonyo 
Such classifications are in wide use throughout the world » Eor 
standardization purposes, an Interna.tional Standard Industrial 
Classification has been defined by the United Nations (.1} and 
although many countries have developed their ^ own industrial 
classifications, laost are in general confornity with the inter- 
national standardo 

3 « The set of accounts pro'posed in this article includes as 

one of its elements the Input-Output table for the econonyo 
The Input-Output table describes the purchases and deliveries 
of internediate goods by industrial branch, as well as the 
deliveries of goods fron eOvCh branch to the final denand 
sectors o (2) In addition, it is proposed that purchases and 
deliveries of capital goods be tres.ted in the sai,ie nanner, 
incorporating a table of flows of capital goods into the accounts » 
A number of countries are beginning to compile such tables. 

Bo Occupa t ional C lassifica tio ns o 

4o Occupational classifications are used for purposes of dis-* 

tinguishing among the different occupations held by ^ the labour 
force . Such classifications are used in compiling information 



^^^International Standard Industrie.! Classification of All 

Economic i^ctivities, Statistical Office of the United Nations, 

United Nations, New York 

^^^Por an example of the United States Input-Output methodology , 
see “The Interindustry Structure of the United States, A 
Report on the 1938 Input-Output Study”, Survey of Current 
Business, November, 196^, U.S. Departuent of Commerce. 
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from population censuses. For purposes of standardizatxon, ^ 
International Standard Classification of Occupations U-S. 0.0..) 
has teen defined by the International Labour Office (.i; ana 
although many countries have developed their own occupational 
P.1 n.Q.Q -1 f -1 n.qt ions . most are in seiieral confornity with the mter- 



classifications , nost are 
national standard « 

5, The set of accounts proposed in this article includes table 

which relate occupation to both industry and educational quali- 
ficationo These tables are to be coLipiled fron the census oi 



population or suitable surveys in a manner which is conpauiDie 
with the industrial and educational Q.'^alification classificati^ 
chosen. The educational qualification classification is discuuoed 

below. 



0 . Educ ational Qualifi catio n Classifications 

6o A classification of educational qualifications permits an 

individual to be classified by the highest level of education 
v/hich he has achieved. In most cases, only formal education will 
be considered, except where "informal” education is of such a^^ 
naturo that it can be easily identified by me^s of special ip- 
lomas or some other standardized mechanis:* which indicates suc- 
cessful completion of a certain amount of "informal education. 

A classification of educational qualifications could combine 
both the highest diX)lona or degree obtained and any additional 
years of study at a higher level for which a diploma was not 
awarded. In addition, the branch of study for secondary educa- 
tion and field of study for higher education could also be ^ 
included A standardized classification of educational quali- 
fications has been recommended by the O.E.C.D. (1) 

7 . The set of accounts proposed utilizes a classification of 
educational qualifications both for purposes of relating the 
qualifications of the labour force to the occupations held by 
members of the labour force (as indicated in B above), as well 
as for purposes of classifying the school leavers during any 
given year. 

D. Classification of Educc.tional Branches.. 

8. A classification of the various branches in the educational 
system permits students to be classified according to their pro- 
gress through the educationa.1 system Such a classification 
would include all branches of education at primary, secondary 

and higher education levels, and each year of study v/ithin the 
branch. In addition, it would be desirable, as in the case oi 
educational qual if ic options , to classify higher education according 
to field of study. A stazidardized classification of the educa- 
tional system has been proposed by the O.E.O D. (2) 



( 1 ) 



.Methods and Statistical Needs for Edu cation al Playiing, 

E .ITBlT^aris, |^ice. , 

1967 ' 



( 2 ) 



Ibid, 



5AS/EID/67.101 



42 



<u« 



Appendix 2 



9o The set of accounts proposed utilizes the classification 

of education for purposes of relating school leavers to their 
educational qualification upon leaving school (as stated in 0 
above) c Also, the flows of individuals within the educational 
systen in a one year period is used in the accounts, ^d these 
flows are recorded according to the educational classification 
choseno FinaAly, educational costs, both current and capital, 
during a one-year period are broken down by branch of educa- 
tion (defined by the educational classification) according 
to the industries fron which goods are purchased (defined by 
the industrial classification;. 

E. Use of the Classifications. 

10, Having defined the four classifications to be used, the 
pertinent data is assenbled according to the various flow 
tables required to complete the accounts. The accounts record, 
for a given year, the flows of goods and services, as well as 
manpower, used by industry and education. The integrated set 
of accounts is described below, 

11. THE INTEGRATED ACCOUNTS. 



11. Figure 1 on the following page illustrates the principal 
conpcnents of an integrated set of accounts for education, man- 
power and industry. This sot of accounts is assumed to apply to 
a one year period, and care must be taken to assure reasonable 
compatibility between data which may have been collected at 
different tines during a given year. The degree of compatibility 
achieved, however, is primarily a matter of definition to be 
considered during the construction of the accoimts, and will 
not be treated explicitly here. The dimensions of each of the 
tables appearing in the accounts will depend upon the classi- 
fications used. Figure 1 indie a,tes both the names of the tables 
as well as the symbols used to refer to them mathematically. The 
meaning of each of the tables is reviewed below. 

1. Inter-Industrial Flows of Goods and Services (X^^) • 



12. This table is the inter- industry transactions table for 
the econo3i]y for the chosen year. It is a square table, the number 
of rov/s and columns being exactly equal to the number of indus- 
tries defined according to the industrial classification. The 
table shows the sales and purchases of goods and services by 
industry. Row 1, for example, shows the amount of goods del- 
ivered by Industry 1 to each of the other industries (including 
itself). Alternatively, Column 1 shows the amount purchased bv 
Industry. 1 from each of the other industries (including itself), 
iin example of an entry in this table would be the amount of elec- 
tricity purchased by the steel industry during one year. All 
of these goods and services are used for intermediate purposes 
in the production process. Purchases of capital goods are 
excluded. The dimension of the inter- industry transactions table 
used in the G.A.M.E. Seminar is 23“by-23. 



o 

1 ^, This table is similar to (X^^) . Whereas the flov/s of 



2. Capital Investment for Industry (K^) 
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intermediate goods are recorded in table the flows of 

capital goods are recorded in table Thus, the entries in 

(K^) form a part of final demand » For each industry producing 

capital goods, the row representing that industry will ^contain 
the amount of capital goods sold to each of the other industries 
(including itself) during the given year. Rows representing 
non-capital good producing industries will contain zero values. 
Alternatively, each column indicates the purchases of capital 
goods by that industry during the given year. A typical entry 
in the table would be the amount of capital equipment purchased 
from the non-electrical machinery sector by the food products 
sector. This entry would appear at the intersection of the row 
representing the non-electrical machinery sector and the column 
representing the food products sector. The dimension of the 
inter- industry capital investment transactions table used in the 
G.A M.E. Seminar is 23-by-23c 

3c Goods and Services Used by Education (^ 2 ^' 



14. This table shows the purchases during the given year 
for each educational branch of goods and services on current 
account by delivering industry. It therefore has the same 
number of rows a.s industries* defined. The nui.:ber of columns 
(educational branches) depends on the classification of ^educa- 
tion. Since it is normally impossible to divide educational 
expenditures according to each individual grade in a given 
educational branch, the branches will not be subdivided into 
grades of study, but will nevertheless conform to the chosen 
educational classification. Each row of the table represents the 
deliveries or non-capital goods and services by the industry 
represented by that row to each branch of education. Alterna- 
tively, each column represents the piirchasos of goods and ser- 
vices on current account by that branch of education from the 
industry producing the good or service. A typical entry in the 
table would be the amount purchased by the Upper Secondary 
Vocational branch on cvirront account from the printing and pub- 
lishing industry during the given year. This entry would appear 
at the intersection of the row representing the printing and 
publishing industry and the column representing the Upper Sec- 
ondary Vocational branch. Entries in this table represent a 
portion of goods and services delivered to final demand. The 
dimension of the table of goods and services for education 
(current account) used in the G.A.M-E. Seminar is 23-by-7» 

4. Capital Investment for Education (^ 2 ) ° 



13 0 This table shows the expenditures for capital invest- 
ment of each branch of education in the given year by industry 
producing the capital goods delivoredn Each row, therefore, 
indicates the c.?.pital goods delivered during the given year 
by the industry ropresonted by that rov; to u;ach branch of education. 
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sns^*^ ssiLrJsf s.s*sss.?S SiFs2?iS“- 

capital investment goods purchased p-iven 

General branch from the construction sector during ^ 5 ® . 

5lar! Twf entry would appear at the °^^^°^eprLenting 

representing the construction sector and the 
thiUpper Sioondary General branch. Entries in „ 

renresent a portion of goods delivered to final aemand. Ihe 
taLe of invLtment goods purchased by education used in 
G.A.M.E. Seminar is of dimension .ij-by-/. 

5. Elows of Goods and Services to the Rest of Final Jenand qgp). 

ir T>h-ic- table represents the deliveries of goods and services 

to ’final demand (excluding j-udustrial °-^ber^ ’ 

T>hP row each of the industries definea, -‘-u® 

of columns depends upon the number of final oSmee etc’") 

(e.g. Personal Consumption, Exports, Net 
For each final demand sector, t^®^®^°^® 

that sector shows the ;a..ount of ®^L®!nies ^The total 

dnrinc the Kiven year from each of the inauKjt.i les c ±i , , . • 

prSSftlon !f each industry, is given by ^1^® tSf 

to industry, education and final demand. 5or ®°“P|®^®'^?|s ’ 
sum is included as column (1.) in the acoomt • . of 

represents the Total column appearing at the right h^d siae 
the G.A.M.E. input-output table. -The rest of final doii^d bublc 

used in the G.A.M.E. Seminar is of The 

tables thus far described form the expanded set of inter iudu=> ry 

accounts used in the G.A.M.E- oei.xinar. 

• ^ 

6 . Manpov;er Employed by Industry (Table Nj_) . 

.. , . ~~ 

17. This table records the number of individuals employed 

durine the given year in each defined industry according 

tS^S^occupItlL."^ Thus, each row of i® f®|^?®®^rolaL- 

Of the occupations defined according ^nm^r 

ification, ana the entries in this row 
individuals holding this occupation in ®f°^ . 

ATtprnativelv. each column in the table indicates the nmioer or 
individuals employed by each industry , ho ° ^ " 

'oatT ori A tvoical entry in this table vjould be the 
engineers employed by the petroleum industry 

?IpA>senting thf occupa^ of engineer and the col^im representing 
thfpetroioSn induct A- If salaries 
number of individuals, and other value 

each industry, the total inputs into each industry for the 
vtven vear will be the sum of all the column entries. It is 

for this reason that a row labelled ''0^^®^;^^®^"® ^£®'^ i^con- 
"Total Inputs'* row have been included in the accounts. , in con 
foKiIncrwith uLal input-output accounting procedures. In thi. 
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form, the totc?JL inputs a_re exactly equal to the total outputs, 
i»e. to total production- In the G-.A.M.E. exercise, however, 
table was constructed on the basis of the number of indiv 

iduals employed rather than their salary equivalents <, The 
table of manpower employed by industr;)7- used in the G.A.M.E. 
Seminar is of dimension 20 -b 5 ''-“ 25 » 

7 o Manpower Employed by Education (N^) o 



18 0 This table records the niuiber of individuals emx)loyed 
during the given year in each bi'anch of education according to 
their occupationo It therefore has the same number of rows as 
defined by the occupatiojial classificationu The number of col- 
umns is equal to thenumber of defined educational branches « A 
typical entry in this table would be the number of secondary 
school teachers employee in the Upper Secondary Technical branch 
of education. This ^ntry vjould appear at the intersection of 
the row representing the occupation of socondary school teacher 
and the column representing the Upper Socondary Technical 
branch. Although a large nui.iber of individuals employed a^ 
teachers will be recorded in this table, the table will also 
include administrators and other supporting personnel. It can 
be expected, however, that a majority of the rov;s will contain 
zero entries since many of the defined occupations are not used 
by education. The tabic (^2) apXJears directly below the table 

of intermediate goods and ijurchases by education (^2) in the 

same way as the manpower table for industry (iTj^) appears beneath 

the input‘“Output table for industry' salaries are 

substituted for the nmber of individuals employed in table (112)5 

the total expenditure on current account for each branch of 
education is obtained by suimiing dojn the column rej)resenting 
that branch in tables (X^) end (iTo) ■ In the G A.M.E. exercise, 

however, table (No) v/as constructed on the basis of the nuj'jber 

• . • • The 

* ^ 

of individuals enxjloyed rather than their salary equivalents. The 
table of manpower employed by education used in the G.A.M.S. 
Seminar is of dimension 20 -by- 7 ^ 

80 Manpower Employed by Rest of Einal Demand (N^p) . 



19 o Since there remain final demand socctrs which employ 
manpower, this table is designed to record these individuals. 

The final demand sectors shov/n will be identical to those defined 
for the table recording the goods ecid services delivered to the 
rest of final demand c In this way, table (N^j)) v;ill appear ixi 

the accounts directly beneath tabic (-^pp) « Most of the sectors, 
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however, will show no enploynent. The total nuirber of indiv- 
iduals enployed in a given occupation „f 

sun of those enployed in industry, education and the rest ol 
final demand. This sun is entered at the right of the accounts 
ii^the column labelled (N) . The table of manpower employed by 
the rest of final de-nand used in the G.A.M.E. Seminar is of 
dimension 20-TDy-6 . 

9. Educational Distribution of the_ (Q l ; .. 

20 o This table shows the educational qualifications of the 

individuals employed in each occupation for the G^^en year. 

Each row, therefore, represents one of the 

and each column one of the defined educational qualif iCo.tions 
Given the total number of individuals enployed in a 
pation during the year, these individuals are uistributed acrosb 
the row representing that occupation in accordance 
educational qualifications which they possess. A coluiin o 
how many people with a given qualification are _ employed in each 
of the occupations. The sum across the rows gives a vector _ 
which is identical to the total employment vector (N) appearing 
at the right hand side of the accounts. The table of educatioi a 
qualifications of the active labour force used in G.A.ii.Ji. is 
of dimension 20-by-8o 



21 



It will be noted that tables defined 



above provide a. disaggregated set of accounts of ‘the active 
labour force showing both where individuals were enployed and 
what occupation they held. Table (0) re-dissagregates this 
same labour force to relate information about cducatioiia ^ 
qualifications and occupations. For purposes of describing 
the accounts in the G.m M.E. Seminar, the terms active an 
’’employed” were used interchcjigoably for sinplif icauion. When 
table (0) includes employed and unemployed, the total number ol 
individuals recorded in this table will differ slightly from 
sum of individuals included in tables 

differences are primarily a natter of the sources of used 

to obtain the tvjo tables. For purposes of obtaining the coel~ 
ficients described below, either of the two fornula.tions can be 
considered equivalent for table (0), since the differences in 
the coefficients obtained for the two formulations are statis-- 
tically insignific8u.it. The four types of manpower tables des- 
crihed above form the basis of the G.A.M.E. manpower accounts. 



10. School Le avers 



22. This table shows the number 

the educational system at the sta.rt 
vjere no longer in the system at the 
precisely, at the start of the next year.; inu^ , 
records the flow of students from the educational system to tne 
labour force. Each row of the table represents the branch anc 



of individuals who were 
of the given year, but 
end of the year (or, more 
year.) Thus, the table 



in 
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grade in which the student was enrolled at the start of the 
year in accordance with the educational classification* ^ The 
colunns represent the educational qualif ica.tion with which the 
student leaves the educational systen* Thus, each row contains 
the nunber of school leavers during the given year fron a 
particular branch and grade of educs.tion= These leavers uay 
include both drop--outs and graduates, and their educational 
qualifications will differ accordingly* A Qolunn contains 
the number of individuals who lea.ve the educational^ system during 
the year having attained the educational qualification represented 
by that column. A typical entry vjould be the number of students 
who graduated fron the Upper Secondary General branch and entered 
the active labour force without continuing to a more advanced 
branch* This entry would appear at the intersection of the 
row representing the last year of study in the Upper Secondary 
General branch and the column representing the Upper Secondary 
General qualification. This table also contains two additional 
colunns on the right hand side for completeness of the accounts* 
The first column permits student deaths during the year to be 
recorded, the second records those school leavers who are 
unavailable for employment* The school leaver table appears 
directly below the table of the educational distribution of the 
active labour force. The school leaver table used in the 
G.A.M.E. Seminar was of dimension 25~by-10* 

»- Inter "E ducational Flow s (E) * 

23 « This table represents the flows of students within various 

branches and grades of education* It is a square table, the 
number of rows and columns depending upon the classification 
of education used. Each row contains the number of individua.ls 
who were enrolled in the branch and grade of education represented 
by that row at the start of the given year who continue their 
education at the start of the next year* These individuals^ 
are distributed according to the branch and grade of education 
in which they are enrolled a.t the start of the next year* The 
table thus shows the flows of students within the educational 
system during a one-year period, Alterna.tively , each column 
represents the nuiaber of people enrolled in that particular 
branch and grade of education at the start of the next year, 
these students being distributed according to where they were^ 
enro3-led at the start of the given year* Thus, the intersection 
of the row representing the second grade of the Compulsory branch 
and the colui'ui representing the third grade of the same branch 
will contain the number of students who advanced fron the second 
to the third grade in the Compulsory branch during that year* 
Repeaters will always be found on the diagonal. The inter- 
educational flow table used in the G.A.M.E. Seminar was of dimen- 
aion 23 ~by -23 > 

24 . Summing across each row of tables (E) and (L) gives the 

total number of students enrolled in each branch and grade of 



Appendix 2 






:-AS/.:I2/^67<.101 



rt') 

education at the start of the given year (S^ This vector 

is shown at the far right hand side of the integrated accounts 
in Figure 1. By adding a row of new entrants into the educa- 
tional systen during the given year 0 ^) ? ‘t'he total enrolments 

by branch and grade of education at the start of the next year 

(S^t+l)) also be included in the accoTintSo These two rows 

are shown beneath table (E) in Figure 1.. Tables (E) and (L) 
form the basis of the educational flow accounts. 

25 , For purposes of the G.A.M.E. Seminar, this set of^inte- 
grated accounts was designed to bring together, in a unified 
framework, the numerous individual accounts which were compiled 
by each of the three groups vjorking in isolation or in pairs 
during the first week of the seminar . Participants constructed 
this set of accounts for the base year of the G.A.N.E. exercise 
on the basis of data provided then. The framework above seeks 
to integrate flows of goods and services as well as flows of 
humans o In this way, it was possible for pairticipants to obtain 
a quantitative ’’picture” of the G.A.M.Eo economy during the 
base year in terms of its production and use of goods ^ and ser- ^ ^ 
vices, its use of manpower, and its training of additional indivi- 
duals who will later enter the labour force. 

26 o As was mentioned in the body of this paper, these accounts 

were used by participants in the G.A.M.E. Seminar to derive an 
integrated set of coefficients for estimating parameters in the 
G.A.M.E. Model 0 The manner in which these coefficients are 
derived from the accounts is described below. 

I II. EDUCATION, MANPOWER MD INTER- INDUSTRY COEFFICIENTS,^ 

27 . Because the integrated set of accounts shown in Figure 1 

will be used to derive the education, manpower and int er-indus try- 
coefficients , these coefficients can be curranged in a unified 
framework which is very similar to that of the accounts them- 
selves. This integrated set of coefficients matrices to be 
derived from the accounts is given in Figure 2 on the following 
page. It is seen that Figiire 2 closely resembles the integrated 
accounts in Figure 1. Each of the coefficients matrices appearing 
in Figure 2 is described separately below. 

lo Input-Output Coefficients for Industry (!]_)" 



28. This matrix is obts.ined from the accounts by divd.ding 

column in table (X-i ) in Figure 1 by the total production 
the industry corresponding to that column. In this ^ w^, table 
(X^) is converted to a matrix of input-output coefficients. Each 

coefficient appearing in a column in this matrix shows "^he amount 
of each type of intermediate good used to produce one unit of 
output by the industry represented by the colium. 
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2 a Manpower CoefficientG for Industry C'^) « 



29 o lo obtain this matrix, each column in table 

Figure 1 is also divided by the total production (X) of the 
industry corresponding to that column , The result is a matrix of 
manpower coefficients for industry- Each coefficient appearing 
in a colujnn of this matrix shows the number of individuals 
each occupation required for one year to produce one unit of 
output by the industry represented by the column. Since ^ the 
total production values are often given in units of millions, 
these coefficients are often normalized to represent the number 
employed per million units of gross outx)ut. 

Investment -"Out put Coefficients for Industry (B^) - 



30. In the same way in which the columns in table (X^) were 

divided by the va.lues of total production to obtain the input- 
output coefficients matrix, each column in table (X-j_) 

Figure 1 can be divided by the total production (X) of ^ the 
industry corresponding to that column to obtain a matrix of 
investment-output coefficients- Each column of coefficients 
shows the ai-iount of each type of investment good purchased 
during the given year per unit of output produced by the industry 
represented by the column- 

31. The three coefficients matrices described above show the 
intermediate input, manpower and investment structures of 

each industry for the given year,, 

4c Input-Output Coefficients for Education (A 2 ) » 



32 . This matrix is obtained by dividing each column in table 

(X^) in Figure 1 by the total enrolments in the branch of educo. 

tion corresx^onding to the column« The convention chosen for 
G.A.M E. was to use the enrolments at the end of the given year 

(g(t+l))^ The coefficients in a coluinn of this matrix show the 
current expenditure on each type of good per student enrolled 
in the branch of education represented by the column » 

3- Manpower Coefficients for Education " 



33- In the sarae way in vjhich it was possible to derive a 

set of manpov/er coefficnents for industry, it is ^possible to 
derive a set of nani)ovjer coefficients for education from the 
accounts- In this case, each columi of tho manpower account 
for education (^ 2 ) in Figure 1 is divided by the total enrolment 
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at the end of the given year (S^ in the branch of educa- 

tion represented by that colui^n. A colur,in of nanpower coef- 
ficients for education shows the nunber of individuals in each 
occupation employed in a given branch of education per student 
enrolled » 

6. Investnent-Output Coefficionts for Education (B 2 ) » 



3^0 The investment- output coefficients matrix for education 

is obtainded by dividing each colunn in table (^ 2 ) figure 1 

by the total enrolment at the end of the given year 
in the branch of education corresponding to that column. Each 
column in this matrix shows the amount of each type of invest- 
ment good purchased during the given year per student enrolled 
in the branch of education represented by the column , 



53 , The three coefficients matrices described immediately 

above show the intermediate input, manpower and investment 
structures of each branch of education for the given year. 



7o Educational Q u alificatio n Coeffic ients C/D ° 

360 Table (0) in Figure 1 can be converted to a set of 

coefficients representing the educational qualifications of the 
active labour force, simply by dividing the entries in each 
row in the table by the row total,. If multiplied by 100 , these 
coefficients would be identica .1 to the percentage distribution 
of educational qualifications in each occupation. These 
ficients describe the educational qualfication structure of the 
labour force. Each coefficient shoxvs the proportion of indivi- 
duals oi.x)lcyed in the occupation represented by the row in which 
the coefficien appears who have the educational qualification 
represented by rhe column in vjhich it is found. 



3. Educational Transition Coefficients 

37. The Inter-Educaticnal Transition Coefficients (^^j) 



the School Leaver Transition Coefficients 9^® two sub- 

matrices of the complete ma.trix of transition coefficients for 
the educ8.tional system. These two matrices can be obtained by 
dividing each row in the tables (E) and (L) in Figure^ 
total enrolments at the beginning of the year ^g(.tf^ in >n'u: 

branch and grade of education represented by that row, Becpse 
student deaths end non-participating _ school leavers are included 
in the educational flow accounts, this division by total enrol- 
monts a.t the start of the period will also yield the studen 
mortality rates (Tj^) and.- cchoollleav^'r non-participation rates 

(•■p-)" The into r- educational transition coefficionts show tho 
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proportion of studentc who nrve froii one branch and grade of 
education to another (or repeat) during the given year. The 
school-leaver transition coefficients show the proportion of^ 
students who leave a given branch and grade of education during 
the year vjith the educational qualification represented by the 
coluiin in which the coefficient is found. 
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DE SCRIPa?I0IT OE TEE g.A.r'LE. DlI- IUIxAa?ION EXER CISE 



I iNa}RODUca?iON , 

1 . During the G.A.M.E. Seminar, participants were divided 

into three groups: the Education Group, the Manpower Group 

and the Economic Group o The G.A.M.E. Simulation Exercise con- 
sisted of the construction and the use of three sub-nodels. 

These sub-models, when considered together, form the G.A.M.E. 
Educational Planning Model. The construction^ of the models 
involved an extension of the accounting relationships established 
in the integrated accounts described in Appendix 2 « 



2, The simulation w cl3 constructed in 3 stages o Each stage 

successively brought the participants closer to an ovv^rall 
plan reflecting a reasonably consistent solutiono ^ This was 
realized through a step-wise ..lan-nachine interaction. The 3 
stages are: 

(1) Prograr.mios Formulated in Isolation; 

/I 

( 2 ) Uni-directionally Determined Programmes; 

(3) Iteratively Balanced Prograiuies . 



II 0 PROGR«.MMES FOPuMULATED IH ISOLA TION. 

3 . During this stage, each group postulated a set of pre- 
forences in advances These preferences were ^ translated into 
Quantitative terms « For example, the Education Group exx/r®ssea 
its preferences quantitatively by postulating certain changes 
in the educational transition coefficients 



Having exi^ressed their preferences in quantitative terms, 
each group thun usod its model to solve for certain require- 
ments which satisfied its preference. For instance, the ^Economic 
Group solved for the maaipower and production levels required 
to meet its preferred final demands 

5 . Each group then presented its programj..e in terms of its 

targets and require: .ents. These isolated prograi^imes , which 
\jcro independently arrived at, were subjected to a conirontation 
with each other, at which time each group submitted its demands 
to the other tvvo groups. After considering the demands, an 
inevitable impasse was reached. This impasse was brought about 
by the failure of the groups to interact during the formulation 
of the preferences and the progra'. mes. It was therefore nec- 
essary to seek an alternative mode of prograr,ime formulationo 
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WI-DXaECXXOI?ALlX DEXSR1MXJX,D PKOGRAMMES. 



6o For this stage of the exercise, the sequence of steps 

was initiated hy the Education Group, which began by refornu- 
lating its preferences end its prograime in the ld;ght of the 
experience gained in the first stage > This resulted^ in a new 
set of nanpower and econonic requirenents for education. 

7. The production requirenents were then channelled to the 
Econonic Group, which refornulated its prograiuie to satisfy 
the denands nade by the Education Group. ^On the basis of this 
revised progranne , the Econonic Group arrived at a new set ^ of 
nanpower end production requirenents. These nanpower require- 
Hents, in turn, v/ere channelled to the Kanpower Group. Mean- 
while, the Education Group had channelled its nanpower require- 
nents to the Manpower Group. 

8. At this point, the Manpovver Group ro-f emulated its 
programe in an a.tteiixjt to sa.tiofy all the nanpower ^require- 
nents. But in order to do so, it had to deteriiine its require- 
nents for qualified personnel ovo3i’ the plcin period a Only the 
Education Group could satisfy this denands 

9 Whether or not the Education Group vjas able to i.ake 

available the required qualified personnel depondod upon the 
educational progmiio it fornulatod :it the beginning of the 
cycle. It was found tliat the requirenents and availabilities 
of qualified personnel were not conpatible, and therefore a 
second inpasse v;as reachedo It vjas also discovered that even_ 
if these requirei/.onts had been :.iet , the overall plan would non 
have been satisfactory fron the point of view of the Econonic 
.and Manpower groups, since in satisfying the Education group, 
it had been necessary to violate sone of the other groups 
preferences,. This being the case, a fresh attenpt had to be 
made to secure a nutually satisfactory plaji in which new tar- 
gets and requirenents for all groups would achieve a balance. 

IV ITERATIVELY BifLiiE GED PROGRAMMES 



10 0 In order to achieve nutually balanced progrannes, it 

becane clear that it was essential that all groups naintain a 
continuous interaction. This interaction pernitted a nunber 
of iterations to be carried out. Each group's progranne ^was 
subjected to a critical evaluation by the other groups, in ^ 
order to. force tho group tow?a?ds a greater realism by revising ^ 
its tai'gets downward. Such revisions resulted in lower levels 01 
requirenexits. By iteratively applying this procedure, the 
program;*© s of all groups nust eventually converge to a mutually 
consistent end balanced overall plan,. 

V . KIRPO^E OF TH .j^.,EIEEGIBE . 

11. This exercise allov^ud the G,A M.E. participants to use 



a matlieiiatical planning nodal within a simulated ^-'nvi; 

onuent. Tho model itself was co:istructed by the partioipe;."s 
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on the basis of enpirical datao The iterative procedure nsed^ 
froii'i solving the nodol reflects, to a large extent, the plannin 
process as it is carried out in the real world o The didactic 
sinulation exercise denonstrated the following principles of 
planning: 

(1) Plans for education, nanpower and the econony formu- 
lated in isolation are dysfunctional; 

(2) Even though the manpower and production reguirenents 
of educational prograrnnes are made explicit, there 
is no guarantee that these requirements will be com- 
patible with the progrannes of others; 

(3) Only by an explicit consideration of the interdepen- 
dent relationships among education, nanpower and the 
economy can consistency in planning be achieved 



